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a b s t r a c t

Prenatal congenital lobar fluid overload (CLFO), which was first described by Ramsay and Byron, is
identical to postnatal congenital lobar overinflation. It is characterized by progressive lobar over-
expansion that compresses the other adjacent lung lobes. The underlying cause can be an intrinsic
cartilaginous abnormality or an extrinsic airway compression. It may be associated with cardiovascular
anomalies in 12%e14% of cases and affects males more frequently than females. Most cases are diagnosed
postnatally, but early antenatal diagnosis and sequential follow-up are attempted for early treatment, if
clinically indicated. This article provided a thorough review of CLFO, including prenatal diagnosis and
differential diagnoses, as well as comprehensive illustrations of the perinatal imaging findings of CLFO.
Prenatal diagnosis of fetal lung lesions should include CLFO in the differential diagnosis and prompt
investigation for associated anomalies.
© 2017 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Congenital lobar fluid overload (CLFO) in fetuses, whichwas first
described by Ramsay and Byron and is also referred to as congenital
lobar overinflation (CLO) or congenital lobar emphysema (CLE)
postnatally, is a rare cystic lung lesion that can often be diagnosed
accurately in the neonatal or infantile periods based on pre-
sentations of respiratory distress and hyperinflation of pulmonary
lobes [1,2]. CLFO is a disease entity of fluid-overloaded and
expanded lung tissue, which usually presents on antenatal ultra-
sonography (US) as a homogeneous hyperechogenicity with or
without mass effect to the mediastinum [1,3e19]. On magnetic
resonance imaging (MRI), hyperintensity of the affected lung
lobe, mass effect to the mediastinum, and intact lung architecture
with stretched hilar vessels were frequently observed
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[1,5,6,11e13,20e27]. From our experience, relative hypointensity of
the adjacent and compressed lung lobe is common (Figs. 1e6, cases
1e3), but hyperintensity of the compressed lung tissue can be seen
in some cases [11]. The etiology of this malformation remains un-
clear, but several theories were proposed; these include 1) a
bronchial cartilaginous defect that produces a one-way valve effect;
2) endobronchial mucus impaction or proliferative mucosal
infolding (polyalveolosis or polyalveolar lobe); 3) extrinsic
compression of the bronchi from aberrant vessels or lung paren-
chymal lesions; and 4) atresia of a lobar bronchus [28e30]. The
common locations of CLFO, in the order of frequency, are as follows:
left upper lobe, rightmiddle lobe, and right upper lobe [4,31]. Males
are more frequently affected than females [32] and about 20% of
patients with CLFO have associated congenital cardiovascular
anomalies [33,34].
Prenatal diagnosis

Fetal CLFO is usually discovered in the second trimester. Up to
the present time, at least 41 cases of fetal CLFO have been
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http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:5338@mmh.org.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tjog.2017.05.001&domain=pdf
www.sciencedirect.com/science/journal/10284559
http://www.tjog-online.com
http://dx.doi.org/10.1016/j.tjog.2017.05.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.tjog.2017.05.001
http://dx.doi.org/10.1016/j.tjog.2017.05.001


Fig. 1. (A) Axial and (B) coronal MRI of CLFO in case 1 at 20 weeks gestational age
shows hyperintense and expanded left upper lobe (arrows), suggesting fluid overload
and causing compression of the heart toward the right (arrowheads).

Fig. 2. Sagittal MRI of CLFO in case 1 at 20 weeks gestational age shows a hyperintense
and expanded left upper lobe and a small, hypointense, compressed adjacent left lower
lobe (arrows). Intact lung architecture with stretched hilar vessels (arrowheads) is
observed. The lesion disappeared at 37 weeks gestational age and postnatal chest
radiograph of the infant was normal.
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reported in English literature (Table 1). Quinton et al. have re-
ported the earliest diagnosis of CLFO at 18 gestational weeks [4].
Prenatal US remains the reference standard of imaging modalities
to evaluate the lesion. The most common manifestation on US is a
unilateral, bright, hyperechogenic lesion in the affected lung [5],
but Alamo et al. [13] and Babu et al. [17] reported that some CLFO
cases can present as cystic mass lesions (Table 1). On fetal MRI,
CLFO appears as a fluid-overloaded segment or lobe with high
signal intensity and stretching of the hilar vessels without
architectural distortion of the adjacent pulmonary lobes [1].
Some cases show partial or complete regression on serial follow-
up US in the third trimester, depending of the etiology of the
blockage. However, it is sometimes difficult to distinguish CLFO
from microcystic congenital pulmonary airway malformation
(CPAM) and bronchopulmonary sequestration (BPS) on prenatal
US [1]. Nowadays, fetal MRI can be a helpful complementary
modality to US to differentiate among CLFO and other fetal cystic
lung lesions owing to its better tissue contrast, larger field of
view, enhanced anatomic evaluation, more detailed
demonstration of the lesion extent, as well as the capability of
detecting other associated congenital anomalies.
Differential diagnosis

Fetal cystic lung lesions are rare but significant in the spectrum
of congenital lung malformations (CLMs). These lesions include
CLFO, which is synonymous with postnatal CLE, BPS, CPAM, and
bronchial atresia (BA) [1]. Antenatal differential diagnoses of CLFO
should be done for appropriate treatment recommendations.
Congenital pulmonary airway malformation

CPAM, previously known as congenital cystic adenomatoid
malformation (CCAM), is characterized by adenomatoid prolifera-
tion of bronchiole-like cysts in the lung and lack of normal alveolar
development [35]. It has been the most commonly diagnosed lung
malformation prenatally, accounting for 30%e40% of all congenital
lung diseases [20]. The outcome of CPAM is unpredictable. Some
postulate that CPAM with <57% of the total lung volume would
resolve completely, whereas CPAM with >84% of total lung volume
will not [1]. One important prognostic factor is the presence of
hydrops; if not treated, more than 90% of these fetuses die before
birth [36]. CPAM is thought to be a predisposing condition to lung
neoplasms, such as pleuropulmonary blastoma or rhabdomyosar-
coma [5]. Malignant transformation to bronchoalveolar carcinoma
is another issue that was reported to develop on a preexisting
CPAM in young adulthood [5].

Stocker et al. distinguished three types of CPAM based on cyst
size and histopathology. Type I consisted of large cysts (at least one
dominant cyst >1 cm in diameter); type II comprised numerous
small cysts <1 cm; and type III has microcystic lesions <0.2 cm in
diameter [37]. Nowadays, this classification had been expanded to
include two additional subtypes: type 0 displays acinar dysgenesis
or dysplasia, whereas type IV exhibits distal acinar origin [37].



Fig. 3. (A) Axial and (B) coronal MRI of CLFO in case 2 at 23 weeks gestational shows
hyperintense and expanded right upper lobe (arrows), suggesting fluid overload and
causing compression of the heart toward the left (arrowheads).

Fig. 4. Coronal MRI of CLFO in case 2 at 23 weeks gestational shows hyperintense and
expanded right upper lobe and hypointense small compressed right lower lobe (ar-
row). The diagnosis of CLE was confirmed by lobectomy after birth due to neonatal
respiratory distress.

Fig. 5. Prenatal ultrasound of a CLFO that presents as a parahilar cystic lesion in case 3.
Chest US at 21 weeks gestational age reveals a homogeneous hyperechogenicity of the
left lung (arrows) shifting of the heart to the right. A small nodule with hypo-
echogenicity over the left parahilar region is found (arrowhead).

Fig. 6. (A) Axial and (B) sagittal MRI of a CLFO that presents as a parahilar cystic lesion
in case 3 at 22 weeks gestational age shows hyperintense and expanded left upper lobe
(arrows), suggesting fluid overload and causing compression of the heart toward the
right. A small bright nodule over the left parahilar region is found (arrowhead).
Bronchogenic cyst was proven postnatally.
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Table 1
Ultrasound and/or magnetic resonance imaging (MRI) findings in previous reported cases of fetal congenital lobar fluid overload.

Authors [Reference] Location GW at prenatal
sonographic
diagnosis

Prenatal sonographic
findings

GW at prenatal
MRI diagnosis

Prenatal MRI findings Perinatal outcome

Liu et al. [1]
Case 1 Left upper lobe 29 Microcystic CCAM

appearance
30 CLFO of LUL with

compression of LLL
inferiorly

CLE due to bronchial
cartilage defect
histologically

Case 2 Left upper lobe 25 Microcystic CCAM
appearance

25 CLFO of LUL with
compression of LLL
inferiorly

Lesion resolution or
disappearance on
follow-up US

Case 3 Right upper lobe 22 Microcystic CCAM with a
right
hilar cyst

22 Macrocystic CCAM in
the right parahilar
region with RUL CLFO
pattern

Resolution of CLFO due
to regression of
macrocystic CCAM on
follow-up US;
histologically
confirmed CLE due to a
macrocystic CCAM

Quinton et al. [4] Right middle and
lower lobes

18 Enlarged uniformly
echogenic right lung with
mediastinal shift and left
lung compression

Lesion disappeared in
29 þ 5 GW;
Histology revealed CLE
with deficient bronchial
cartilage

Lacy et al. [8]
Case 1 18 Unilateral bright echogenic

lesion
No size diminution of
the lesion on follow-up
US;
Lobectomy and
histology revealed CLE
(CMV infection may be
one possible cause
histologically)

Case 2 18 Unilateral bright echogenic
lesion

No size diminution of
the lesion on follow-up
US;
Lobectomy and
histology revealed CLE

Chia et al. [9] Left lung Due date A left lung tumor was
suspected and the fetal
heart has been pushed to
the right side

Histology revealed CLE

Tobias et al. [10] Left upper lobe 20 Microcystic echogenic mass Histology revealed CLE
Oluyinka et al. [11]
Case 1 Right middle lobe 20 A homogeneous echogenic

mass with mediastinal shift
and compression of the left
lung.

20 A homogeneous
hyperintense mass
with mediastinal shift
and compressed right
lung

Lesion resolved in
36 GW;
Histology revealed CLE

Case 2 Right lower lobe 23 A homogeneous echogenic
mass with mediastinal shift

23 Subtle hyperintensity
of the right lower lung

Slight resolution of size
until delivery;
Histology revealed
bronchial dysplasia
with CLE

Alamo et al. [13]
Case 1 Homogeneous

hyperechogenicity
22 Homogeneous T2-

hyperintensity
Obvious radiologic sign
of CLE postnatally

Case 2 Homogeneous
hyperechogenicity

25 Homogeneous T2-
hyperintensity

Histology revealed
bronchial atresia
combined with CLE

Case 3 Multiple small cysts 28 Homogeneous T2-
hyperintensity

Obvious radiologic sign
of CLE postnatally

Case 4 Homogeneous
hyperechogenicity

25 Homogeneous T2-
hyperintensity

Obvious radiologic sign
of CLE postnatally

Case 5 Homogeneous
hyperechogenicity

22 Homogeneous T2-
hyperintensity

Obvious radiologic sign
of CLE postnatally

Case 6 Homogeneous
hyperechogenicity

25 Homogeneous T2-
hyperintensity

Obvious radiologic sign
of CLE postnatally

Case 7 Homogeneous
hyperechogenicity

30 Homogeneous T2-
hyperintensity

Obvious radiologic sign
of CLE postnatally

Case 8 Homogeneous
hyperechogenicity

31 Homogeneous T2-
hyperintensity

Obvious radiologic sign
of CLE postnatally

Richards et al. [14] Right lung 24 Homogeneous echogenic
mass with mediastinal
shift; polyhydramnios

Lesion resolved in
37 GW;
Histology revealed CLE

Okabe et al. [15] Right middle lobe Cystic lesion Histology revealed CLE
due to bronchiectasis
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Table 1 (continued ).

Authors [Reference] Location GW at prenatal
sonographic
diagnosis

Prenatal sonographic
findings

GW at prenatal
MRI diagnosis

Prenatal MRI findings Perinatal outcome

Wansaicheong
et al. [16]

Right lower lobe,
anterior segment

22 Homogeneous echogenic
mass with mediastinal shift

Lesion resolved in
33 GW;
Obvious radiologic sign
of CLE postnatally

Babu et al. [17] Right upper and
middle lobes

22 Microcystic and
macrocystic echogenic
mass with mediastinal shift

Histology revealed CLE

Carrol et al. [18] Left upper lobe 29 Echogenic mass with
mediastinal shift;
polyhydramnios

Histology revealed CLE
with mild interstitial
inflammation and CMV
inclusion bodies

Kasales et al. [19] Right lung Homogeneous mass with
mediastinal shift

Lesion persists on
follow-up US;
Obvious radiologic sign
of CLE postnatally

Pacharn et al. [23]
Case 1 Left upper lobe 25 A homogeneous T2-

hyperintense lesion in
the left upper lobe

Obvious radiologic sign
of CLE postnatally

Case 2 Right lower lobe 25 A small homogeneous
T2-hyperintense area in
the medial basal
segment of the right
lower lobe

Obvious radiologic sign
of CLE postnatally

Case 3 and Case 4 * Obvious radiologic sign
of CLE postnatally

Cases 5e9 * Histology revealed CLE
Truitt et al. [25] Right middle lobe 20 Right-sided thoracic mass 22 Overinflated right

middle lobe
The lesion gradually
resolved on follow-up
US;
Histology revealed CLE

Kunisaki et al. [26]
Case 1 30 A large left upper lobe

mass
Obvious radiologic sign
of CLE postnatally

Case 2 * Obvious radiologic sign
of CLE postnatally

Cases 3e5 * Histology revealed CLE,
all with cystic
adenomatoid and
polyalveolar changes

Takahiko et al. [27]
Case 1 Left upper lobe 25 Massive enlargement of the

left upper lobe
30 Large left upper lobe

and solitary cyst at the
hilum

Histology revealed CLE
with small bronchial
lumen

Case 2 Left upper lobe 26 Massive enlargement of the
left upper lobe with
mediastinal shift

The size of the left
upper lobe gradually
decreased during the
pregnancy;
Histology revealed CLE
due to stenotic
proximal bronchus
with hypertrophied,
fused bronchial
cartilages

GW, gestational age.*, Not available.
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Some authors simply differentiate cystic lung lesions antenatally
detected by US into two types based on diameter: macrocysts
(�5 mm) and microcysts (<5 mm) [38].

These malformations may comprise cystic and solid compo-
nents, resulting in various US and MRI manifestations [21]. On fetal
US, CPAMs could be demonstrated as uniform hyperechogenic
masses, anechoic cystic masses, or multicystic masses with echo-
genic stroma; most of these are confined to one segment or one
lobe of the lung [37,39]. The typical MRI findings depend on the size
of the cysts. The signal intensity of the cysts is higher than that of
the surrounding normal lung parenchyma [1,22,40]. Macrocystic
CPAM presents as a mass with lobulated margin and inhomoge-
neous hyperintensity [1,20,22], whereas microcystic CPAM is seen
as a lobulated mass with homogeneous hyperintensity and arterial
vascular architectural distortion without identifiable cysts [1,23].
Partial or complete regression of the masses in utero appears to be
the rule. Compared to a normal lung, regressed CPAM usually ap-
pears as an ill-defined, non-homogeneous, and slightly hyperin-
tense mass, which shows gradually decreasing signal intensity on
follow-up MRI [1,22]. Fetuses with isolated CPAM have good
prognoses regardless of the histologic type [24].

Bronchopulmonary sequestration

BPS comprises nonfunctioning pulmonary tissue that fails to
connect with the normal tracheobronchial tree and receives arterial
blood supply from the systemic circulation [1,22,25,41]. BPS ac-
counts for about 23% of prenatally detected lung lesions [25] and is
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the second most common lung lesion found on antenatal diagnosis
[24]. The most frequent (more than two-thirds) location is the left
lower lobe [42]. BPS is subdivided into two types based on the
pleural covering. Intralobar sequestration lies within the normal
lung parenchyma without its own pleura and drains into the pul-
monary vein, whereas the extralobar type has its own distinct
pleural covering with complete anatomic separation from the rest
of the lung and drains to the systemic veins [5,23]. Sometimes, BPS
had been thought to be a kind of systemic arteriovenous malfor-
mation that may cause cardiovascular symptoms or even lead to
cardiac failure [3,5]. Large lesions can compress the esophagus and
thoracic veins to cause fetal hydrops, which is an established
indication for fetal intervention and early delivery [43]. The intra-
lobar type is more common and is usually associated with type II
CPAM (hybrid lesions), but is rarely diagnosed prenatally [44]. Most
antenatally diagnosed lesions are of the extralobar type of
sequestration, which may be associated with other congenital
systemic anomalies, such as congenital diaphragmatic hernia or
cardiac abnormalities [3]. More than 50% of lesions regress partially
or completely in utero [1,45].

On fetal US, BPS present in most cases as hyperechogenic, ho-
mogeneous masses that are commonly located in the left lower
lung, inferior to the lung, or even below the diaphragm [3]. Sys-
temic arterial supply could be disclosed by color Doppler US [3].
Usually, prenatal US cannot distinguish between intralobar and
extralobar BPS [45]. The MRI findings of a pure BPS include a well-
defined, homogeneous, triangular hyperintensemass relative to the
surrounding normal lung, but with less signal intensity than the
amniotic fluid, as well as visualization of the systemic feeding ar-
tery [1,20,38,6]. In hybrid lesions of BPS and CPAM, an inhomoge-
neous hyperintensemass with lobulated contour could be observed
[1,20,23]. Regressed BPS usually has a lobulated margin with
decreased and inhomogeneous signal intensity [1,41]. The key point
in differentiating BPS from CPAM type III and overinflation is
demonstration of systemic arterial supply on both MRI and US [23].

Bronchial atresia

BA is a rare anomaly that is characterized by obliteration of a
segmental or subsegmental bronchus near its origin, with normally
developed distal structures and associated collateral alveolar fluid
drift, which is different from fluid trapping in CLFO. The obstructed
bronchus causes lung fluid accumulation with dilatation of the
bronchi (i.e., bronchocele) and distal lung expansion [3]. It is most
commonly seen in the apical and posterior segments of the left
upper lobe. A strong association of BA with other congenital lung
anomalies, such as CPAM, intralobar BPS, and CLFO, has been re-
ported and raised the concern of a common embryonal origin
[7,26]. Although the diagnosis of isolated BA is increasing recently,
correct prenatal characterization remains a challenge.

On fetal US, the involved lung segment is seen to expand with
homogeneous hyperechogenicity [3]. On fetal MRI, the involved
lung is expanded and shows high signal intensity, with focal
bronchial dilatation if the proximal bronchus is affected. In difficult
cases of distal bronchial obliteration, only pulmonary expansion
with signal intensity change could be seen on MRI [3]. If postnatal
computed tomography is performed, both mucus-filled bronchus
and adjacent air trapping could be seen.

Fetal outcome

Fetal prognosis depends on changes in the size of the mass, as
well as the presence of polyhydramnios and hydrops fetalis. Most
CLFO cases show partial or complete regression in utero during the
third trimester. About 20% of patients with CLFO have associated
congenital cardiac anomalies [33,34] that might cause fetal car-
diopulmonary compromise. Two infant series (10 infants in one
series and 6 in the other) disclosed no deaths in CLFO patients after
surgical treatment [46,47] implying good prognosis and survival.
Antenatal detection of CLFO allows serial follow-up during preg-
nancy and early management before the infant becomes symp-
tomatic postnatally [4].

Conclusion

All patients with prenatally detected CLMs, like CLFO, require
thorough postnatal evaluation, including chest computed tomog-
raphy scan. Postnatally, the clinical appearance of CLMs can vary
from immediate respiratory distress at birth to an incidental chest
radiograph finding at any age [5]. Even if these CLMs seem to
disappear on late trimester imaging with a normal postnatal chest
radiograph, some authors recommend imaging follow-up to make
sure that there are no residual subtle abnormalities [1] although
cystic lung lesions can spontaneously decrease in size and lead to
improved mediastinal shift [48], complete postnatal resolution is
rare [49,50]. Imaging follow up is also important to determine
when and how to investigate those infants [24,8]. US is the mo-
dality of choice for routine imaging of the fetus, but MRI had been
recently shown to complement US. The advantages of fetal MRI
include its large field of view and excellent soft tissue contrast.
Compared with US, MRI is less affected by maternal habitus, fetal
position, and level of amniotic fluid [24]. MRI is also useful in
determining lung volume, which has a prognostic implication on
postnatal pulmonary function, as well as in planning both in utero
interventional procedures and immediate postnatal treatment. In
the future, cooperation between gynecologists and radiologists,
and correlation of prenatal US with MRI are beneficial and essential
[22].
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